ABSTRACT. Research on collective action and common-pool resources is extensive. However, little work has concentrated on the effect of variability in resource availability and collective action, especially in the context of asymmetric access to resources. Earlier works have demonstrated that environmental variability often leads to a reduction of collective action in the governance of shared resources. Here we assess how environmental variability may impact collective action. We performed a behavioral experiment involving an irrigation dilemma. In this dilemma participants invested first into a public fund that generated water resources for the group, which were subsequently appropriated by one participant at a time from head end to tail end. The amount of resource generated for the given investment level was determined by a payoff table and a stochastic event representing environmental variability, i.e., rainfall. Results show that that (1) upstream users' behavior is by far the most important variable in determining the outcome of collective action; (2) environmental variability (i.e. risk level in investing in the resource) has little effect on individual investment and extraction levels; and (3) the action-reaction feedback is fundamental in determining the success or failure of communities.
INTRODUCTION
A challenge in managing common-pool resources, such as water for irrigation, is how to prevent the free-rider problem, i.e., ensuring that the individual users of a resource all contribute to the allocation and maintenance of the resource and that some don't take advantage of the efforts of others. Collective action is thus especially challenging in systems that are naturally prone to asymmetries caused by differences in power or geographic position. Some individuals are privileged in extracting resources, as seen in irrigation systems. In these systems, asymmetries because of heterogeneity caused by the biophysical context favor free riders . A key feature in many of these systems lies in the coupled interactions between the natural processes of the environment and the decisions of the resource users (Anderies et al. 2004) . Global environmental change is increasing the level of variability and is therefore increasing risk and uncertainty for natural resource users. In this context, studying the effect of environmental variability on collective action is critical to assessing the sustainability of coupled socialecological systems. argue that the increase of environmental variability may reduce the ability of resource users to solve collective action problems. To improve our understanding of the interactions between users' decisions about exploiting a resource and variability in the availability of that resource, we performed a simple behavioral experiment.
The experiment focused on irrigation dilemmas, which explore the challenges of asymmetric access to a common resource shared between downstream and upstream users. To resolve the dilemma, upstream participants need to allow water to flow to downstream participants. This is because upstream participants need the cooperation of downstream participants to create the public infrastructure (e.g., irrigation canals) for the irrigation system (Ostrom and Gardner 1993) . The irrigation dilemma we propose in this paper has been studied in lab and field experiments , 2012 , Cardenas et al. 2013 . These previous experiments found that (1) participants' initial level of cooperation relates to their trust in the other participants and (2) inequality in the resource extractions can reduce investments into the public infrastructure. Because irrigation systems are developed to cope with variability of rainfall availability, it is a natural extension to study the effect of variability in water provisioning.
Common resource dilemma experiments within social psychology have studied the consequences of environmental variability (e.g., Messick et al. 1988 , Rapaport et al. 1992 , Biel and Gärling 1995 , Wit and Wilke 1998 , Au 2004 . However, in contrast to the experiments described in this paper, those studies were one-shot games in which environmental variability was related to the size of the resource. In these previous studies, variability increased overharvesting because people overestimated the size of the resource and therefore thought noncooperative behavior was justified (Biel and Gärling 1995) . Using this approach, Budescu et al. (1990) performed experiments that introduced asymmetry in payoff rules, in contrast to the asymmetrical access to the resource that we used in our experiment, and found that different positions led to different responses to environmental variability. Individuals with more favorable exchange rates for resource units to earnings reduced their demands for the common resource compared with those who had less favorable exchange rates. Walker and Gardner (1992) introduced environmental variability in a repeated commons dilemma by assuming that more harvesting leads to a higher probability that the current round is the last round of the experiment. In their experiment, environmental variability led to a greater appropriation of the resource. Anderies et al. (2013) studied the effect of disturbances in a computer-based lab experiment on the irrigation dilemma where participants could communicate. They found a very modest negative effect of variability in water availability and Based on these studies, we would expect increased variability to lead to reduced cooperation and that other important social metrics, like risk aversion, trust, and upstream users' behavior, would contribute to the observed levels of investment and extraction. We expected that risk-neutral individuals (i.e., participants who showed no preference between options with equal expected payoffs but differing levels of risk) would not take environmental variability into account in the decision-making process. We expected trust to be a significant factor in how participants choose to invest in the public infrastructure, and higher measures of trust from the Trust Game would correspond with higher levels of investment in the Irrigation Game. Upstream users' behavior is also an important, observable metric that accounts for feedback between different rounds and between the investment and extraction phases. An individual may "trust" others to invest in the resource; then, in subsequent rounds, an individual will act based on the observed behavior of upstream users. The behavior of upstream users can be inferred by the downstream users through their collective extraction level, which we model using an equalshare ratio (ESR) metric. In our analysis of the effects of upstream users' behavior, we relied on the ESR and net gains, an heuristic found in many social dilemmas such as ultimatum games (Allison and Messick 1990 ).
The laboratory experiments reported in this paper built on a prior experimental design in which the participants could not communicate (Janssen et al. 2012) . However, in addition to having an asymmetric common-pool resource dilemma without communication, we introduced different levels of investment risk in the form of environmental variability within the experiment. These new variables allowed us to determine if and how different levels of environmental variability affect the level of cooperation, measured as investment into the public infrastructure. Variability seems to decrease the willingness of people to invest in the resource, at least in public good games (see, e.g., Wit and Wilke 1998 , Gustafson et al. 2000 , Au 2004 ). However, variability in resource generation in repeated common-pool resources experiments has not been sufficiently studied (but see Anderies et al. 2013 and Walker and Gardner 1992) . This is an important extension because climatic change and other global environmental changes affect the variability of the resources that users may depend on; thus, it can potentially have an impact on resource users' behavior.
Our main aim was to assess which factors are most important in influencing collective action at different levels of environmental variability in social-ecological systems with asymmetric access to the common-pool resource. Is environmental variability a decisive factor in assessing investment in common-pool resources, or is it dampened by the observed upstream behavior?
The asymmetric access to the resource, resulting from the sequential extraction decision, leads to unequal resource distribution and unequal earnings. Thus, strategic uncertainty, i.e., regarding investment and extraction choices of others, and observed upstream users' behavior outweigh environmental variability and initial trust levels. The latter finding is in line with Ostrom's claims about the importance of feedback effects between trust and actions based on the observed behavior of others (Ostrom 1998 ). We were able to assess the latter by implementing a statistical analysis that addressed feedbacks between investment and extraction decisions, taking time into account. Variability affected the level of investment in the resource, thus, the level of collective action, but it had a milder effect compared with upstream behavior and social determinants of behavior. The effect of environmental variability on investment and extraction levels was only observed in specific sequences, i.e., sequences 2 and 3 in Table 1 . 
EXPERIMENT DESIGN
Each experimental session started with individuals being assigned randomly to a seat in the lab. After seat assignments, we implemented the Holt and Laury (2002) risk elicitation exercise (see Appendix 1) and trust using the Trust Game from Berg et al. (1995) ; see Appendix 1 for details. The Trust Game used the strategy method of each participant submitting decisions as both the proposer and respondent. The order of the exercises was kept fixed as follows: Risk Elicitation (Aversion), Trust Game, and Irrigation Game. During the Trust Game, participants were made aware that they would be randomly paired with any other participant in the room to assess their performance. When we started the Irrigation Game, we explained that each individual would interact only with the same four other individuals for the duration of the experiment. Pairing was anonymous, and scores stemming from the trust and risk games were calculated only after the Irrigation Game was over, although those games were played before the Irrigation Game. Once all exercises were completed, we collected additional sociodemographic information via an individual survey (reported in Appendix 1).
The main experiment performed was a five-person irrigation game (see Appendix 1 for the detailed instructions given to each participant regarding the experiment). These five participants were randomly allocated to positions A, B, C, D, and E, with A being the furthest upstream participant and E being the furthest downstream participant. The participants kept the same position during the duration of the whole experiment. The experiment mimicked the provision of infrastructure and the distribution of water that small-scale irrigation systems require (Cifdaloz et al. 2010 , Janssen et al. 2012 . Figure 1 provides a graphical representation of the investment and extraction stages of our Irrigation Game. Appendix 1 provides the exact experimental protocol. At the beginning of each round, each participant received an endowment of ten tokens, which they could invest into the irrigation infrastructure or keep for themselves. Each token was worth five cents. The total investment of the five participants defined the state of the irrigation system. Table 2 shows the amount of water that could flow through the irrigation system based on the total investment. In the second half of the round, each participant in sequential turns from upstream to downstream (from the player in position A to the player in position E) decided how much water to extract from the available water. Available water was the total water produced by the group minus the water already extracted by the upstream participants. For example, water available for a player in position C was equal to the total water generated minus the water extracted by the player in position A and the player in position B. Each individual knew how much water was at his or her disposal and was told at the beginning of each extraction phase how much water was available to the whole group. Knowing the total water availability before the extraction phase allowed each player to infer how much the whole group has invested in the resource. Knowing the total water availability before the extraction phase also allowed group members to know how much was extracted by upstream users. For example, player B could infer how much player A extracted (the amount of water available for the group minus the amount of water available for player B), player C could easily infer the total amount of water extracted by players A and B combined, and so on.
Each token kept in the investment stage added to each token extracted in the extraction stage of each round. The number of tokens kept and tokens extracted over all 15 rounds were then calculated to determine the payment made to each participant. The average total payout was $22.83 (standard deviation = $6.20). The average total payout represented average payment based on performance in the Irrigation Game, the earnings from the trust and risk aversion exercises, and a show-up fee of $5. Each session lasted for about 1 hour.
Each session consisted of 1 practice round to demonstrate the game's procedures and 15 decision rounds played for money, split into three 5-round treatment periods. Players were not informed of the actual length of the experiment to avoid the "final round" effect. Each of the 3 periods applied different levels of environmental variability. We distinguished between low, medium, and high rainfall rounds, representing dry, standard, and heavy water conditions. The low rainfall condition had 60% less rainfall than the medium rainfall condition for the same level of investment, and the high rainfall condition had 60% more rainfall than the medium condition. We also distinguished between 3 levels of environmental variability:
1.
No variability (no investment risk). Rainfall level was fixed at the medium level as in Table 2 .
Low variability (low investment risk)
. Randomly determined use of the low (1/6 probability), medium (2/3 probability), or high (1/6 probability) columns in Table 2 to elicit water availability.
3.
High variability (high investment risk). Randomly determined 1/3 probability for each of the three possible columns in Table 2 to elicit water availability.
We defined three treatments with different sequences of the type of variability in the experiment session ( According to Rational Choice Theory, the expected behavior for all players was to invest zero tokens each round. This is because investing zero tokens is the Nash equilibrium. If we assume people act out of rational self-interest, participants in positions B to E http://www.ecologyandsociety.org/vol20/iss4/art12/ would expect player A to take all the water and therefore would not invest. Because a single person investing in the common infrastructure would not increase the amount of water available in the second stage, participant A also would not invest. Therefore, the Nash equilibrium would always be zero investment, independent of the level of variability, and thus zero extractions because no water was generated. However, people do not generally act solely out of rational self-interest. Instead, especially in repeated games, they are observed to act based on other preferences, such as trust and observable group behavior (Ostrom 1998) .
DATA DESCRIPTION
Data used in this analysis were derived from six sessions of experiments performed during the spring of 2012 with undergraduate students at Arizona State University. The data set consists of 16 groups of 5 individuals who recorded their decisions for 15 rounds, resulting in 1200 observations. Summary statistics for the variables used are reported in Table 3 .
Investment refers to the amount invested in the public infrastructure, generating the common water resource. Investment is, for all intents and purposes, a proxy for collective action (Beckenkamp et al. 2007 ) and is our main variable of interest, i.e., the dependent variable. Extraction refers to the amount extracted once water was generated. Trust and trustworthiness were measured by normalized scores representing the amount of money sent to another participant (trust) or sent back (trustworthiness) in the Trust Game (see Appendix 1 for details); the higher the score, the more trusting and/or trustworthy an individual is. Both trust and trustworthiness were normalized by dividing the actual money sent or sent back by the maximum amount that it was possible to http://www.ecologyandsociety.org/vol20/iss4/art12/ send or send back. Trust and trustworthiness are deemed to be important determinants for collective action (Ostrom 1998) . Risk score was the normalized score of the number of low-risk choices in the Risk Aversion Game; thus, the higher the score, the more risk averse an individual was (see Appendix 1 for details). Risk scores were normalized by counting the number of low-risk choices divided by the maximum number of low-risk choices available. Normalized risk scores are considered inversely related to cooperation if others' behavior is unknown a priori. Variability refers to high, low, or no variability in water generation. In other words, variability refers to the probability of using the left, the middle, or the right column of Table 2 . Sequence refers to the different order in which variability levels were communicated to the participants. For example, in sequence NLH, the first five rounds were played with no variability, the next five rounds were played with low variability, and finally five rounds were played with high variability. In sequence LHN, the first five rounds were played with low variability, then five rounds with high variability, and finally five rounds with no variability. Rainfall refers to the actual amount of water generated in a round. Position refers to the position in which an individual will extract resources (position A being the first to make a choice and position E the last).
***The ESR for person i at round t (ESR i,t ) was calculated as the actual amount extracted by individual i at round t (E i,t ) divided by the total water available to the group at round t at the beginning of the extraction phase (R t ) divided by 5 (i.e., the amount to extract that would allow everyone in the group to extract an equal amount of the resource at time t):
(1)
If the ESR was less than 1, individual i extracted less than an equitable share, whereas an ESR greater than 1 means that an individual extracted more than an equitable share. An ESR of 1 means that an individual extracted the equitable share. ESR is a simple heuristic measure of how an individual values equality in distribution of resources. An ESR less than 1 might decrease cooperation (i.e., investment) in the subsequent round.
Net gain represents the net profit and is given by:
The net gain is thus the participant net profit, calculated by the amount extracted plus the number of tokens not invested in the resource.
To assess the effect of variability sequence on investment and extraction, we performed an Χ² test. We found that the variability sequence (see Table 1 ) affected investment and extraction only in comparison with the NLH order (p < 0.001). We did not find any significant difference between treatments LHN and NHL (p > 0.05). Given the Χ² test results, we opted to merge the sequences not leading to significantly different results and include the new sequence dummy variable in our models (value 0 if sequence = NLH and value 1 if sequence = LHN or NHL). We interacted the sequence dummy with environmental variability, and this allowed us to assess the effect of variability on investment and extraction levels. Furthermore, we also hypothesized that the significant difference in variability could be at least partly ascribed to unobserved effects relating to the composition of participants in each session. Future work will concentrate on finding the reason for such differences by analyzing survey data collected during the experiments.
Three patterns clearly emerged from investment/extraction behavior. First, upstream participants invested more than downstream participants (Fig. 2) and, downstream participants extracted less than upstream participants (Fig. 3) . On average, within a specific group there was a high level of persistence in the investment and extraction levels (as shown in Fig. S1 and Fig. S2 in Appendix 1). Third, trust appears to have played a role during the first round of the experiment (Fig. 4A) , where increased trust led to greater investments in the resource, but this effect seems to have vanished in subsequent rounds (Fig. 4B) . Risk aversion played an ambiguous role in affecting investment. More riskneutral participants (normalized risk scores of 0.4, 0.5, and 0.6) invested less in the resource. This result can be partially explained by the distribution of individual choices. Intermediate levels were by far the most common choice (61 out of 80 participants had a risk score between 0.4 and 0.6) compared with the extremes (1 person had an extremely high risk score, 1 person had an extremely low risk score, 7 participants had scores < 0.4, and 12 participants had scores > 0.6; see Fig. 5 ). Finally, position has a greater impact on the levels of investment and, most of all, on how much individuals extracted from the commonly generated resource (Fig.  6 ). These preliminary findings seem to indicate the existence of feedbacks between investment, extractions, upstream users' behavior, and trust. This feedback is also described extensively, albeit theoretically, by Ostrom (1998) .
DATA ANALYSIS
To assess how environmental variability, personal characteristics, and upstream users' behavior impacted investments, we regressed individual and group investments on a set of independent Equation 4 is the model we devised to assess group level investment (GrInv). In this case, we assumed that group-level investment is dependent on the interaction between sequence and variability (DGrChar); average group characteristics (average trust and normalized risk aversion scores) (GrChar); and the effect from observed upstream users' behavior (GrUub) represented by the extraction gini coefficient at t -1. ε i,t is, once again, the error term. Tables 4 and 5 report the individual-and group-level results for the models in equations 3 and 4. To account for initial behavioral effects from trust and risk aversion being attenuated after the first round as participants responded to the actions of the other participants, we modeled the round 1 effects separate from rounds 2-15.
RESULTS AND DISCUSSION
For the individual-level results (Table 4) , trust and risk aversion significantly affected the investment levels only in round 1. From round 2 to round 15, the upstream users' behavior and extraction inequality took a prominent role in explaining the investment level.
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Cluster bootstrapped standard errors are in parentheses; group is the cluster variable. Position was compared with position A. Sequence and Variability were compared with indicates the use of a lagged variable. LHN, low, high, and no variability; NHL, no, high, and low variability; NLH, no, low, and high variability.
For the group results, however, the average trust and risk aversion scores significantly affected investments even after the first round (Table 5 ).
Although it was not possible to assess the full interaction between extraction and investment decisions using the models in equations 3 and 4, the effect of upstream users' behavior in determining subsequent investments is clear. At the individual level, position and upstream users' behavior, measured here simply by ESR and net gain, had a significant effect on the level of investment, which is also confirmed by the group-level gini coefficient: increased inequality reduced investments. Net gain seemed to actually lower investments, and by consequence, extractions. ESR had a positive and significant effect on investments: the higher the ESR, the more a person was willing to invest, and consequently extraction might be higher. These results need to be contextualized within the experiment, in which some individuals were in privileged positions although still dependent on others' contributions and in which actions of upstream users could be, on average, known to downstream users.
In the first round, there was no prior behavior for participants to respond to. Therefore, during the first round, individual-level characteristics, e.g., trust and risk aversion, were hypothesized to be the main drivers influencing investment independently from other factors such as observed upstream users' behavior, confirming results from field experiments (Janssen et al. 2012 ). Position has a smaller effect on investment, because only positions C and E extracted significantly less than position A. On the other hand, trust significantly increased the investment. The interplay between trust, investment, and extraction in the first round set in motion the behavior for the subsequent rounds (see also Tables 6  and 7) . After the first round, trust did not appear to have a clear effect or significance, and positions D and E invested significantly less and almost always extracted significantly less than position A. Positions B and C on average invested the same amount (i.e., there was no significant difference in investment between positions B and C; Wald p > 0.1), whereas position E on average invested a significantly different amount than position D (Wald p < 0.001). These results hold for all models presented in Table 4 . In other words, whereas the central positions (B and C) seemed http://www.ecologyandsociety.org/vol20/iss4/art12/ to invest on average the same amount, there were differences within the tail-end positions (D and E).The comparison between the first round and subsequent rounds appears to reinforce the importance of the feedback between trust, observable actions, and collective action, as described by Ostrom (1998) .
Similarly to trust, risk aversion was significant only in the first round (Table 4) . This is another indication of the importance of personal characteristics in one-shot games and at the beginning of a "collective action enterprise." However, the fact that risk aversion and trust were not significant in subsequent rounds points to the fact that personal characteristic effects become, at least statistically, nonsignificant in the face of general group behavior, i.e., upstream users' behavior.
Finally, during the first round, variability did not appear to be significant. However, the significant effect of LHNorNHL x NoVar seems to indicate that decisions in round 1 differed because of unmeasured effects pertaining to group composition in the different sequences explored. On the other hand, in the models representing rounds 2-15 (Table 4) , high environmental variability seemed to contribute to reduced investments, compared with the baseline scenario of no variability and the NLH sequence. High variability, when the variability sequence was LHNorNHL, had a significant impact on investments, and this may have led, indirectly, to reduced extractions. The significant effect of high variability was also confirmed by the fact that LHNorNHL x HighVar was significantly different than LHNorNHL x NoVar and LHNorNHL x LowVar (p < 0.05 in both cases). The test results hold true for all specifications presented in Table 4 . This finding is in line with previous findings on the effect of environmental variability on collective action (Walker and Gardner 1992, Biel and Gärling 1995, Anderies et al. 2013 ).
The description of the results holds at the group level (Table 5) with some interesting differences. Although upstream users ' behavior is always an important factor determining the level of group investment, average group risk scores and average trust are not significant within the first round but become mostly significant in subsequent rounds. The effect of averaged group risk and trust scores is different than the individual trust and risk effect. Group propensity for risk and trust seem to be important at the aggregate level, but their effect is dampened at the individual level.
The use of standardized coefficients, i.e., betas, allowed us to compare the effects of the different variables on investment at the group and individual levels. We started by analyzing the magnitude of the significant coefficients for the individual-level models (Table 4) . In round 1, (model 1), trust was the most important factor positively affecting investment, whereas being positioned at the tail end of the group was, from the beginning of the game, the most important factor negatively affecting investment. The results of the first round of the experiment confirm the importance of trust in affecting collective action, especially in one-shot games (Biel and Garling 1995) . Being positioned at the tail end had a definite effect on extraction expectation, which sensibly lowered investment into the commonpool resource for individuals occupying these positions. This latter result is also in line with previous experimental studies (Janssen et al. 2012 , Cardenas et al. 2013 ). In rounds 2-15, the role of trust was supplanted by ESR, which took on an important role in positively affecting investment levels. Meanwhile, positioning was still the most important factor negatively impacting collective action. Once again, the results of our individual-level models are in line with previous literature, in which extraction inequality is seen as the main factor driving reduced investments in the common-pool resource (Janssen et al. 2012 , Cardenas et al. 2013 .
At the group level in round 1 (Table 5) , the only significant variable affecting investments was the change in variability sequence. In rounds 2-15 the most important negative effect was extraction inequality. The greater the extraction inequality, the lower the group investment level. This result, once again, confirms previous findings on the importance of extraction inequality and its effect on collective action. Variability at the group level had an interesting double effect. On the one hand, when the variability sequence was the baseline NLH order, it had a positive effect on investment. However, in all other cases, variability reduced the investment level. The effect of high variability was significantly different from low and no variability when the sequence was LHNorNHL (Wald test p < 0.001), confirming the results above for all models presented in Tables  4 and 5 . However, when the sequence was no, low, and high variability (NLH), there was no difference between low and high variability, and the effect on investment was positive. Unfortunately, we have no theoretical explanation for why this was the case. We can only speculate that the positive effect from variability might have been generated by an optimism that newly introduced variability following the no-variability phase might lead to better extraction opportunities. Finally, at the group level, risk aversion had a prominent role in positively affecting the investment level. A higher will to take risks within a group led to higher average group investment. This result is also in line with previous research on the effect of risk aversion on investment in variable conditions.
Ecology and Society 20(4): 12 http://www.ecologyandsociety.org/vol20/iss4/art12/ Assessing results robustness: a different statistical approach The differences between round 1 and rounds 2-15 point to the importance of recognizing the simultaneous effects that investment and extraction decisions can have on each other over time. To assess such effects, we modeled the simultaneous causality between investment and extraction via equation 5 and equation 6. This statistical model is also depicted in Figure 7 . (5) where (6) and investment (Inv) and extraction (Ext ) depend on:
. a vector of dummy characteristics (DChar), representing position, sequence-variability interaction, and rainfall;
. a vector of personal characteristics (Char) such as trust, trustworthiness, and risk aversion; and . the effect from observed upstream users' behavior (Uub; equation 6). To assess the importance of the explanatory variables, we report the standardized coefficients stemming from the model described above (Table 6 ) and the standardized total effects to allow for comparison between variables (strength of effects; Table 7 ). Although the standard coefficients traditionally reported in statistical models take only direct effects into account, the total effects presented here include the direct and indirect effects of an explanatory variable on the dependent variable. In our model as shown in Figure 7 , trust directly affected investments; however, trust could also affect extraction decisions indirectly via the previously made investment decision. Likewise, rainfall impacted extraction at t; however, it could also have an indirect effect on investment at t+1.
To assess model fit, we report the overall R² and goodness-of-fit test (or Χ² test). The information and results given by the system represented in equation 5 serve as an important robustness check of the models used in equations 3 and 4. Details for the model estimation in equation 5 and Figure 7 are provided in Appendix 1 (Statistical Model). Tables 6 and 7 report the results for equation 5 under three different specifications. Changes in the model specification are targeted toward the measure of the observed behavior variables: net gain, equal-share ratio, and both net gain and ESR together. We report results for the first round (model 1) separately to assess whether trust, risk aversion, and variability have a different effect at the beginning of the experiment than in subsequent rounds. Tables 6 and 7 confirm the results for investments; however, they also account for another layer of complexity that exists in these kinds of experiments: they explicitly assess the interdependencies between investment and extraction over time, given a set of independent variables. It is notable that in round one there was no positive relationship between investment and extraction. A plausible explanation lies in the nature of the resource in the experiment. In a situation where the group investment does not reach a specific threshold (as reported in Table 2 ), investment does not lead to the generation of a resource, and consequently, the extraction level will be zero. If this happens, the first round sets in motion a negative path toward purely selfish behavior (i.e., zero investments). Another plausible explanation is that, at least in round one, individuals are more prone to be generous because the behavior of other group members cannot be known.
The results of round one, however, were not duplicated in subsequent rounds. As a result, no matter what is used to proxy observed behavior, we can confidently affirm that trust loses its importance, transferring causal importance to the observed actions of the upstream users. This latter result is the logical consequence of repeated interactions between individuals. The amount invested is always highly significant and positively related to the amount extracted, and the amount extracted in a previous round is always highly significant and positively related to the amount invested in the subsequent round. This relationship is not surprising, and it highlights the importance of the behavioral interdependencies involved in sequential investment-extraction decisions.
We need to acknowledge that the more complex the experiment, the more complex the analysis will be. All statistical estimation is prone to bias and efficiency issues; however, the multiple tools used here allow us to be confident in our analysis and in the robustness of our results.
Ecology and Society 20(4): 12 http://www.ecologyandsociety.org/vol20/iss4/art12/ Note: * = significant at the 95% level, ** = significant at the 99% level, and *** = significant at the 99.9% level. Bootstrapped standard errors are in parentheses. All coefficients are standardized and represent total effect. All models are controlled for effects between and within groups. +e = Indirect effect of investment on extraction. ++ = Indirect effect because of upstream users' behavior (UUB). Position is compared with position A. Sequence and Variability are compared with Sequence NLH x No Variability. Rainfall is compared with low rainfall. LHN, low, high, and no variability; NHL, no, high, and low variability; NLH, no, low, and high variability; NG, net gain; ESR, equal-share ratio. http://www.ecologyandsociety.org/vol20/iss4/art12/ CONCLUSION Many small-scale irrigation systems around the world face the dual problems of how to collectively construct the needed infrastructure for the common-pool resource and how to effectively and equitably share that resource. Upstream farmers possess privileged access to the water in the system, but they are also dependent on the contributions of the downstream farmers to build and maintain the infrastructure that carries the needed water. Thus, an important challenge in managing common-pool resources is how to ensure collective action so as to maintain the resource at a sustainable level, while preventing individuals in privileged positions from taking advantage of the general effort.
Collective action is especially challenging in systems that are naturally prone to asymmetries because of heterogeneity caused by biophysical contexts . The complexity of the coupled interactions between the ecological natural processes (such as the risks posed by environmental conditions) and the decisions of the resource users complicate matters further (Anderies et al. 2004 ).
We made a first attempt to disentangle the interplay between variability, trust, upstream user behavior, and resource viability via a simple asymmetric common-pool resource game. The experiment performed could be analyzed in many different ways. The richness of the data is a benefit, but this richness can also be daunting when it comes to understanding the dynamics of the system. Given the complexity rising from the interplay of path dependency, personal characteristics, and variability, we need to caution against generalizing experiments performed in a laboratory setting. Still, we believe that our experiment allows us to draw some preliminary conclusions about the relationship between environmental variability and the feedback loop between upstream user behavior and reciprocity-type responses.
Effects from reactions to upstream users' behavior take precedence over initial personal characteristics and variability in the resource. This effect, especially for investments, is clear and secondary only to the positional asymmetry effect. This result confirms, even in absence of communication, the outcomes presented by Anderies et al. (2013) . The complexity of the investment extraction cycle is, however, not so easy to disentangle. Investment and extraction decisions continuously influence each other, whether an individual is more concerned about gains (net gains) or equity (ESR), or if there is extraction inequality (extraction gini coefficient). The strength of path dependency and the importance of upstream users' behavior in the irrigation context are also confirmed by the difference exhibited between the first and subsequent rounds of the game. As expected, trust at the individual level is a prominent factor, affecting decisions on investment levels to maintain and generate the resource; however, it quickly gives way to the importance of observed behavior. The importance of behavioral characteristics and interplay between observed environmental and personal characteristics is also confirmed by the results presented in Baggio and Janssen (2013) . What other individuals do greatly affects one's own decisions. Where individuals are located in the system is a highly significant factor in their willingness to contribute, and the tail enders are highly dependent on the head enders to maintain share equality.
From the experiments performed, we can affirm that (1) upstream users' behavior is by far the most important variable in determining the outcome of collective action; (2) environmental variability (i.e. risk level in investing in the resource) has little effect on individual investment and extraction levels; and (3) the action-reaction feedback is fundamental in determining the success or failure of communities, at least within the limits of our study. Our results confirm the basic dynamics of Ostrom's behavioral model of collective action (Ostrom 1998 Correlogram between variables Montalvo and Reynal-Querol 2005, Baggio and Papyrakis 2010) . Correcting for correlation between error terms (in the manner proposed by Zellner (1962) ), increases the efficiency of the estimated coefficients and decreases our system's sensitivity to specification errors.
Among other factors, Investment and Extraction decisions are a result of observed behavior measures such as Net Gain and Equal Share Ratio. The persistence of investment and extraction levels and consequentially, the metrics used for upstream user behavior (see Figures S1 and S2 ) bias our estimates. This bias is caused by the correlation between independent variables within the system and the actual system error terms (i.e. endogeneity). To avoid that bias we instrumented observed behavior (Net Gain, ESR) by using them as explanatory variables on upstream users' behavior (Uub). In other words, the observation variable is considered a latent variable that is a linear function of a combination of investment and extractions (i.e., Net Gain, ESR, Gini coefficient of investment or extraction). Instrumenting the observed behavior variable and using its lags avoids these error-variable correlation problems. In other words, we are making sure that Uub is not correlated with the systems' error terms. Therefore, we built a system of equations in which we took into account any correlation between error terms and corrected for autocorrelation.
To increase the robustness of our estimates we estimated the model in eq. 5 using the Asymptotically Distribution Free method (ADF) (Browne, 1984) , a General Methods of Moments estimator (GMM). ADF (and GMM) allow estimates to be consistent and efficient when no distributional assumptions are made (i.e., when data are not jointly normal) (Hansen 1982) . Using ADF increases robustness against correlation between the equation error terms and the explanatory variables used in the model--a condition that leads to endogeneity. However, ADF estimation requires, in general, large samples, because with small samples and complex models, ADF may lead to misleading results and achieving model convergence is problematic at best. In order to increase the reliability of our estimates and diminish convergence issues, we bootstraped our estimates and report bootstrapped standard errors over 500 repetitions.
Collinearity -possible problem
We checked variables for collinearity, finding a possible problem between average investment and investment Gini coefficient as hinted by the correlogram on averages. However, the two variables do not appear directly in the same equation, as investment Gini coefficient is used as an instrument and lagged.
Total Effects
The total effect is calculated summing the direct and indirect effect of an explanatory variable on the dependent variable. For example, if we follow Figure 7 , trust affects investments directly, however, trust also affects extractions at time t, albeit indirectly through investment. Table 5 , S3, S4 and S5 all report standardized total effects for the variables of interest. The use of standardized coefficients allows us to compare the effect of the different variables on investment and extractions even if variables are measured on different scales. Table S2 reports total effect for the system estimated at the group level. Table S4 and S5 are a summary of effects for the model estimated at round 1 and the model estimated with the different specifications: with Net Gain, with Equal Share Ratio, and with both for the individual level; and investment Gini coefficient, Extraction Note: * = significant at the 95% level, bootstrapped standard errors in parenthesis. All coefficients are standardized and represent total effect. +e = Indirect effect due to Investment on Extraction ++ = Indirect effect due to Observed behavior. Position is compared to Position A, Treatment is comparing LHN and NHL to NLH. Rainfall is compared to low rainfall and Variability to no Variability. Note: R1 = effects on round 1. ++ = effects given indirectly due to the Observation variable. +e = Indirect effect on extraction, but direct on investment. Avg, min, max = average, minimum and maximum coefficient estimated (exclude R1 estimates). Sign + and Sign -indicate the fraction of times that the coefficient was positive or negative. Sig = fraction of times a coefficient was significant. N = number of models in which a variable was estimated 
